trained pigeons on many-to-one matching to sample in which red-hue and vertical-line samples were associated with the choice of one correct comparison (vertical lines) and green-hue and horizontal-line samples were associated with the choice of the other comparison (horizontal lines). Urcuioli et al. hypothesized that samples that were associated with a common comparison would be represented similarly (or would be commonly coded) by the pigeons. To test this hypothesis, after acquisition of manyto-one matching to sample, the pigeons were trained to associate the hue samples with new comparisons. The red sample was now associated with the choice of a circleshape comparison, the green sample, with the choice of a dot-shape comparison. The pigeons were then tested with the line samples and the circle/dot comparisons. The similar representation of samples associated with common comparisons was demonstrated by a generally high level of positive transfer on test trials (the pigeons chose circle following presentation of vertical samples and dot following presentation of horizontal samples; see also Wasserman, DeVolder, & Coppage, 1992) . Because the samples presented during test had never been associated with these new comparisons, choice on test trials must have been mediated by common representations that emerged as a result of samples' being associated with common comparisons during original training. Thus, pigeons appear to commonly represent arbitrary stimuli that are associated with the same response much in the same way that humans commonly represent arbitrary stimuli to which they have applied common labels.
Other research has provided convergent evidence for emergent common representations by pigeons during many-to-one matching-to-sample training. For example, if, after many-to-one matching-to-sample training, one pair of samples is associated with new comparisons, as above, and delays are inserted between offset of the sample and onset of the comparisons (delayed matching), one of the remaining samples can be presented during the delay. Results indicate that relative to control performance, matching accuracy is better if the interpolated stimulus was originally associated with the same comparison as the current sample, but matching accuracy is worse if the interpolated stimulus was associated with a comparison different from that of the current sample (Zentall, Sherburne, & Urcuioli, 1993) .
If many-to-one matching-to-sample training does, in fact, result in the common coding of samples associated with the same comparison, then it should also result in a decrease in the ability to discriminate those samples. Evidence for such loss of discriminability should be detectable using a task that requires discrimination of the presumed commonly represented samples. The samples that have been associated with the same comparison should be harder to discriminate from each other than the samples that have been associated with a different comparison.
In the present study, an attempt was made to test this hypothesis. Pigeons first received many-to-one matchingto-sample training similar to that of previous research (e.g., Urcuioli et al., 1989 ). They were then tested with a simple successive discrimination involving the samples from original training. For half of the pigeons, the successive discrimination was consistent with the presumed common representations that occurred during many-to-one matching-to-sample training. That is, the two positive stimuli were previously associated with one comparison and the two negative stimuli were previously associated with the other comparison. For the remaining pigeons, the successive discrimination was inconsistent with the presumed common representations that had occurred during original training. That is, the positive stimuli were previously associated with different comparisons, and so too were the negative stimuli. If, during original many-to-one matching-to-sample training, samples associated with the same comparison became harder to discriminate because they were commonly represented, then pigeons should acquire the successive discrimination faster when the positive and negative stimulus sets are consistent with those presumed to be common representations.
It was also hypothesized that emergent common representation of samples associated with the same comparison might be facilitated if, during training, the pigeons were exposed to delays (between the sample offset and comparison onset). It was reasoned that difficulty in remembering samples over the delay might encourage, or strengthen, the common representation of samples associated with the same comparison (see Steirn, Zentall, & Sherburne, 1993) .
METHOD Subjects
Sixteen White Carneaux pigeons purchased from the Palmetto Pigeon Plant (Sumter, SC) served as subjects. All pigeons had had prior experience pecking lit response keys. The pigeons were individually housed in wire cages with continuous access to water and grit, and were maintained at 75%-80% of their free-feeding weights throughout the experiment. The colony room was maintained on a 12:12-h light:dark cycle.
Apparatus
The experiment was conducted in a sound-attenuated three-responsekey operant chamber (LVE/BRS, Laurel, MD). The chamber measured 35 cm high ϫ 30.5 cm wide ϫ 35 cm across the response panel. The three round pecking keys were 3 cm in diameter and were mounted side by side, 3.5 cm apart edge to edge, with the bottom of each key 19 cm from the floor of the chamber. Mounted behind each pecking key was a 12-stimulus in-line projector (Industrial Electronics Engineering, Series 10, Van Nuys, CA, with General Electric No. 1820 lamps). The projector for the center key projected red (R) or green (G) hues (Kodak Wratten filters Nos. 26 and 60, respectively), and white (W, no filter). Three white vertical (V) or horizontal (H) lines on a black background (each line was 13 mm long ϫ 3 mm wide, with the lines separated by 3 mm) could also be projected on the center key. The projectors for the side keys projected a white line-drawn circle (C, 16-mm outside diameter, 13-mm inside diameter) or a white dot (D, 5-mm diameter) on a black background. Access to a rear-mounted grain feeder filled with Purina Pro Grains was provided through a horizontally centered opening in the response panel (6.0 ϫ 5.0 cm). The bottom edge of the feeder was located 7 cm from the floor of the chamber. A feeder lamp was illuminated whenever the grain feeder was operated. A shielded houselight, located on the ceiling of the chamber at the midline of and 13 cm from the response panel, provided general chamber illumination. White noise (at 72 dB) and an exhaust fan provided masking noise. The experiment was controlled by a microcomputer located in an adjacent room.
Procedure
Many-to-one matching-to-sample training. Because all of the birds had had previous experience pecking lit keys, they were immediately placed on many-to-one matching-to-sample training with 0-sec delays between the offset of sample and onset of comparisons. Each trial began with the presentation of W as a warning stimulus on the center key, and a single peck resulted in a 6-sec presentation of R, G, V, or H on the center key. Immediately following offset of the sample, comparisons (C and D) were presented on each of the side keys. Whether C or D was presented on the left or right key was randomized with the restriction that they could not occur on the same key for more than three consecutive trials. A single peck to C resulted in a 1.5-sec reinforcement following R or V samples, as did a single peck to D following G or H samples. Incorrect choices resulted in a 1.5-sec time-out. All trials ended in a 10-sec intertrial interval (ITI) that included the reinforcement or timeout. The houselight was lit during the ITI and at all other times was dark. The birds received 96 trials per session, and sessions were conducted 6 days a week. The birds were trained in this manner until they reached a criterion of 90% correct (or higher) for 2 consecutive days on both huesample and line-sample trials. Criterion included the following provision: If the pigeons reached the 2-days-at-90% criterion on one dimension (hue or line) before reaching criterion on the other dimension, they were required to maintain a level of at least 83% correct on the first dimension when they reached the 90% criterion for the second; otherwise, training continued until they did. Following criterion performance, half of the pigeons received mixed-delay training (0-, 1-, 2-, and 4-sec delays) for 20 sessions. The delay was inserted between the offset of the sample and the onset of the comparisons. The remaining pigeons were overtrained with 0-sec delays for 20 sessions. If, after these 20 sessions of additional training, a pigeon's matching accuracy at the 0-sec delay was below 83% correct, training continued until that criterion was met.
Testing. All pigeons were then trained on a successive discrimination task involving each of the four samples from original training. Immediately following a single peck to a W warning stimulus presented on the center key, the stimuli were presented on the center key for 6 sec. The stimuli designated as positive were followed by a 1.5-sec reinforcement and a 10-sec ITI; the stimuli designated as negative were followed by a 1.5-sec time-out and a 10-sec ITI. Half of the pigeons from the overtraining and delay-training groups were trained to discriminate between samples that had been paired with different comparisons (consistently transferred group ϭ R+, V+, GϪ, HϪ, or RϪ, VϪ, G+, H+). The remaining birds were trained to discriminate between samples that had previously been paired with the same comparison (inconsistently transferred group ϭ R+, VϪ, GϪ, H+, or RϪ, V+, G+, HϪ). The design of the experiment appears in Table 1 . The performance measure for each test session was a discrimination ratio obtained by dividing the total number of pecks to the two stimuli designated as positive by the total number of pecks to all four stimuli. All pigeons were trained to a criterion of two sessions with a discrimination ratio of .90 or better.
RESULTS
One bird did not acquire the many-to-one matching-tosample task and was dropped from the experiment. Another bird was dropped because it became sick during testing and would not complete test sessions even when left in the chamber overnight. A probability value of .05 was adopted as the level of significance for all analyses.
A one-way analysis of variance (ANOVA) performed on acquisition sessions to criterion of many-to-one matching to sample, with training group (delay training vs. overtraining) and test group (consistent vs. inconsistent) as factors, revealed no significant differences [F(3,10) < 1]. Also, terminal performance on 0-sec delay trials, the session before transfer to the simple successive discrimination task, was analyzed with a two-way ANOVA, and it revealed no significant effects of delay training versus overtraining conditions [F(1,10) < 1], transfer condition assigned [F(1,10) < 1], or the interaction between them [F(1,10) ϭ 2.64].
Transfer data were collected from 14 pigeons (7 pigeons consistently transferred and 7 inconsistently transferred). When the data were collapsed across delay training versus overtraining, the consistently transferred group acquired the successive discrimination in a mean of 8.0 (SE ϭ .85) sessions, while the inconsistently transferred group acquired the successive discrimination in a mean of 31.3 (SE ϭ 8.48) sessions. A two-way ANOVA was performed with consistent versus inconsistent transfer and delay training versus overtraining as factors. The main effect of consistent versus inconsistent transfer was significant [F(1,10) ϭ 6.74], but not the effect of delay training versus overtraining [F(1,10) ϭ 1.13] or the interaction [F(1,10) ϭ 1.28]. Because the variability in sessions to criterion was so much greater in the inconsistently transferred group, a log transformation was performed on the data. A one-way analysis performed on the transformed data confirmed that the consistently transferred group (M ϭ .89, SE ϭ .04) acquired the successive discrimination significantly faster than the inconsistently transferred group [M ϭ 1.33, SE ϭ .18; F(1,12) ϭ 5.72].
DISCUSSION
The results indicate that for pigeons, many-to-one matching-tosample training can result in a generally decreased ability to discriminate between stimuli that are associated with the same comparison. Presumably the common representations that were formed during original many-to-one matching-to-sample training made it more difficult for the pigeons to discriminate between stimuli associated with the same comparison than between stimuli that were associated with different comparisons.
If one compares the rates of acquisition of the successive discrimination from the present experiment with those of pigeons that have had no prior matching training, it suggests that the present results can be attributed to negative transfer or decreased ability to discriminate in the inconsistent condition rather than to positive transfer in the consistent condition (due to acquired distinctiveness of cues; e.g., Lawrence, 1949) . Zentall, Steirn, Sherburne, and Urcuioli (1991) reported initial acquisition of a simple successive discrimination involving two S+s (e.g., R and V) and two SϪs (e.g., G 
Note-MTO MTS ϭ many-to-one matching-to-sample, R ϭ red, G ϭ green, V ϭ vertical, H ϭ horizontal, C ϭ circle, D ϭ dot, "+" ϭ reinforcement following 6-sec duration stimulus, "Ϫ" ϭ nonreinforcement following 6-sec duration stimulus. Test conditions are consistent or inconsistent with the presumed common representations acquired during original training. Only one of the two consistent and inconsistent groups is shown. Conditions for the groups not shown can be determined by changing the signs associated with each of the stimuli shown. Following original training, half of the animals received overtraining with no delays, while the other half received training with mixed delays.
and H), under conditions similar to those of the present experiment, in an average of 5.1 sessions. In the present experiment, the consistent group took about 8 sessions to learn the simple successive discrimination, whereas the inconsistent group, which was required to discriminate between presumably commonly represented stimuli, took about 31 sessions to learn the discrimination. Although the procedures were not exactly the same, comparison of the order of magnitude of the sessions-to-criterion measure between these two experiments suggests that the presumably commonly represented stimuli in the present experiment were particularly hard to discriminate rather than that the distinctively coded stimuli were easier to discriminate. We originally hypothesized that delay training might facilitate the formation of common representations, leading to a reduction of discriminability of stimuli within classes. It did not. It is possible, however, that original training plus overtraining was sufficient to maximize the formation of common representations and that delay training contributed little in addition.
In the introduction to this article, we used the term perceptual learning to refer to the effect found in humans, analogous to that reported here. One could argue, however, that the slow rate of acquisition of the successive discrimination by pigeons in the inconsistent group does not actually represent a failure to discriminate in the perceptual sense of the term, but rather represents the inability of the pigeons to attach differential responses to two sample stimuli associated with the same comparison. Thus, many-to-one delayed matching training may not cause samples to be perceptually more similar to each other. Rather, it may be that the similarity of comparison response acquired during delayed matching training results in a conceptual "set" to treat those two samples similarly in other contexts as well (i.e., successive discriminations). Neither the present experiment nor the traditional perceptual learning experiments on which the present experiment is based distinguish between these two mechanisms.
The similarities in procedures and findings that have been shown in the human perceptual learning literature and animal common coding literature suggest that common mechanisms may be involved. Transfer effects that occur between stimuli that share the same verbal label in humans may be related to similar learning processes that produce the transfer effects that have been shown in pigeons when stimuli are associated with common outcomes. The present results add to growing literature that suggests a similarity between humans and other animals in conceptual and perceptual processing (see, e.g., Peterson, 1984; Schusterman & Kastak, 1993; Vaughan, 1988; Yamamoto & Asano, 1995; Zentall & Smeets, 1996) .
Finally, the present results also have implications for the role of language in perceptual learning. It has been proposed by some (see Horne & Lowe, 1996) that language is a prerequisite for emergent behavior of the type typically shown in human perceptual learning experiments. The ability of a nonverbal organism to show evidence of transfer effects analogous to that of human transfer effects, suggests that this hypothesis is incorrect. In fact, it is more likely that common representations that result in a decreased ability to discriminate are necessary prerequisites for the equivalence relationships that must develop between arbitrary stimuli (i.e., written and spoken words) and the events that they represent (i.e., meaning) in the acquisition of human language.
